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Abstract
Cardiovascular diseases remain the leading global cause of morbidity and mortality, and
thrombotic  events  contribute  substantially  to  their  clinical  burden.  Established
anticoagulants,  including  vitamin  K  antagonists  and  direct  oral  anticoagulants,  reduce
thromboembolic events but remain limited by bleeding risk in selected patients. Factor XI
(FXI), a serine protease in the intrinsic coagulation pathway, has emerged as a promising
investigational target because FXI-dependent thrombin amplification appears to contribute
more  to  pathological  thrombosis  than  to  physiological  hemostasis.  This  review
consolidates  contemporary  progress  in  FXI/activated  factor  XI  (FXIa)-targeted
therapeutics, encompassing monoclonal antibodies (e.g., abelacimab, osocimab), antisense
oligonucleotides  (e.g.,  fesomersen),  and  small-molecule  inhibitors  (e.g.,  milvexian,
asundexian). Clinical evidence suggests that FXI/FXIa inhibition may reduce thrombosis or
bleeding  in  selected  settings,  particularly  postoperative  venous  thromboembolism
prophylaxis and certain high-bleeding-risk populations; however, efficacy signals have been
inconsistent  across  indications  such  as  atrial  fibrillation,  acute  coronary  syndrome,  and
secondary  stroke  prevention.  Remaining  challenges,  including  long-term  safety,  dose
selection,  patient  stratification,  perioperative  management,  and  definitive  efficacy  in
outcome trials, are also discussed. Overall, FXI/FXIa inhibition remains a promising but still
investigational strategy that may improve the balance between antithrombotic efficacy and
bleeding risk in selected clinical contexts.

INTRODUCTION
Cardiovascular diseases (CVDs) continue to impose a substantial global health

burden, and thrombotic events are major contributors to cardiovascular morbidity

and mortality
[1,2]

. Arterial and venous thrombosis are central to many cardiovascular

events, although they differ substantially in their dependence on platelet activation,

coagulation amplification, and local hemodynamic conditions. Although coagulation

activation and fibrin formation contribute to both processes, arterial thrombosis is

often more platelet-driven, whereas venous thrombosis and contact pathway-

mediated thrombosis may depend more heavily on coagulation amplification.
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Heparins, vitamin K antagonists (VKAs), and direct oral anticoagulants (DOACs) have transformed the

management of thromboembolic diseases, but bleeding risk and patient-specific limitations remain

important clinical concerns. For VKAs, these limitations include a narrow therapeutic index, food and drug

interactions, and the need for laboratory monitoring, whereas DOACs have reduced several of these burdens

but do not eliminate bleeding risk
[3-5]

. Important gaps remain in patients with advanced renal dysfunction,

high bleeding risk, or conditions in which DOACs are unsuitable, such as mechanical heart valves
[6-13]

. These

limitations have stimulated interest in next-generation antithrombotic strategies designed to preserve

efficacy while reducing bleeding risk.

Observational and mechanistic studies have linked higher factor XI (FXI) levels or FXI activity to an

increased risk of selected thrombotic events. FXI inhibition is hypothesized to attenuate pathological

thrombin amplification while having less effect on primary hemostasis than inhibition of factors in the

common pathway
[14,15]

. These approaches include antisense oligonucleotides (ASOs) that reduce hepatic FXI

synthesis, monoclonal antibodies targeting FXI and/or activated factor XI (FXIa), and oral small-molecule

FXIa active-site inhibitors.

Currently, these FXI/FXIa-targeted agents remain investigational and have not yet received regulatory

approval for clinical use worldwide. This narrative review summarizes the biological rationale,

pharmacological modalities, clinical trial evidence, and unresolved challenges of FXI/FXIa inhibition in

cardiovascular medicine.

LITERATURE SEARCH STRATEGY AND SCOPE
This is a narrative review. We searched PubMed, Web of Science, ClinicalTrials.gov, and the EU Clinical

Trials Register for articles and trial records related to FXI/FXIa inhibition up to March 29, 2026. Search

terms included "factor XI", "factor XIa", "FXI inhibitor", "FXIa inhibitor", "abelacimab", "osocimab",

"gruticibart", "fesomersen", "IONIS-FXIRx", "asundexian", "milvexian", "frunexian", "atrial fibrillation", "acute

coronary syndrome", "stroke", "cancer-associated thrombosis", "hemodialysis", "mechanical circulatory

support", and "high bleeding risk". Priority was given to randomized clinical trials, phase I/II/III studies, trial-

registry records, primary pharmacokinetic/pharmacodynamic studies, and recent high-quality reviews.

Because this article is not a systematic review or meta-analysis, formal risk-of-bias grading and quantitative

evidence synthesis were not performed.

BIOLOGICAL ROLE OF FXI IN HEMOSTASIS AND THROMBOSIS
FXI is a homodimeric serine protease with four apple domains that contributes to thrombin amplification

within the intrinsic coagulation pathway
[14]

. Unlike factors in the common pathway, FXI acts mainly as an

amplification factor that links contact activation and thrombin-mediated feedback. After activation by FXIIa

or thrombin, FXIa activates FIX to FIXa, thereby supporting intrinsic tenase formation, sustained thrombin

generation, and fibrin formation
[16,17]

. Clinical observations from congenital FXI deficiency suggest that FXI is

less essential for baseline hemostasis than FVIII or FIX, because bleeding is generally milder and more

variable than in hemophilia A or B
[18,19]

. In contrast, FXI appears to contribute importantly to pathological

thrombus propagation, particularly in settings involving contact activation, artificial surfaces, or polyanions

such as neutrophil extracellular traps and polyphosphate
[20-23]

 [Figure 1]. This biological profile provides a

mechanistic rationale for the hypothesis that FXI/FXIa inhibition may reduce bleeding compared with

anticoagulants targeting the common pathway
[24]

. Overall, FXI appears to function primarily as an amplifier

of thrombin generation and thrombus propagation rather than as an indispensable component of basal

hemostasis.
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Figure 1. Pathological thrombosis versus physiological hemostasis. This schematic illustrates the differential contribution of FXI/FXIa to
physiological hemostasis and pathological thrombosis. (A) shows hemostasis after traumatic vessel wall injury. TF exposure initiates
coagulation and generates a large initial thrombin burst sufficient for localized hemostatic plug formation. In this setting, the contact
pathway and FXI/FXIa-mediated amplification play a subsidiary role. (B) shows thrombosis after atherosclerotic plaque disruption. TF
exposure initiates coagulation, but the initial thrombin burst is relatively modest and requires stronger amplification through the contact
pathway. Contact activation triggers, including collagen, NETs, and PP, promote FXII/FXIIa and FXI/FXIa activation, thereby amplifying
thrombin generation and supporting propagating intraluminal thrombus formation. FII: prothrombin; FIIa: thrombin; FIX: factor IX; FIXa:
activated factor IX; FX: factor X; FXa: activated factor X; FXI: factor XI; FXIa: activated factor XI; FXII: factor XII; FXIIa: activated factor XII;
FVa: activated factor V; FVIIIa: activated factor VIII; NETs: neutrophil extracellular traps; PP: polyphosphate; TF: tissue factor.

Preliminary and hypothesis-generating evidence suggests that FXI/FXIa inhibition may modulate

thromboinflammatory responses in selected settings. For example, AB023 was associated with reductions in

thrombin-antithrombin (TAT) complexes and C-reactive protein (CRP) in hemodialysis studies
[25,26]

.

However, direct evidence for a class-wide anti-inflammatory effect remains limited, and whether anti-

inflammatory effects contribute meaningfully to the clinical effects of FXI/FXIa inhibitors requires further

investigation.

PHARMACOLOGICAL PROFILES AND MODALITIES OF FXI/FXIA INHIBITORS
Development of FXI/FXIa inhibitors has focused on three major pharmacological modalities: monoclonal

antibodies, ASOs, and small-molecule FXIa inhibitors. These approaches reduce FXI synthesis, prevent FXI

activation, or inhibit FXIa enzymatic activity, thereby attenuating FXI-dependent thrombin amplification.

Table 1 summarizes the major drug classes and representative agents, and Figure 2 illustrates their

mechanisms of action.

ASOs bind hepatic FXI messenger RNA (mRNA) and promote RNase H-mediated degradation, thereby

reducing FXI synthesis. Small-molecule inhibitors bind the catalytic active site of FXIa and directly inhibit its

enzymatic activity. Monoclonal antibodies bind FXI and/or FXIa at specific domains, thereby blocking FXI

activation, FXIa activity, or interactions with upstream and downstream coagulation factors.

Monoclonal antibodies targeting FXI/FXIa

Monoclonal antibodies targeting FXI and/or FXIa represent an important modality in FXI-pathway

inhibition and have been evaluated in both preclinical models and early-phase clinical studies. Depending on

their epitope, these antibodies may prevent FXI activation, inhibit FXIa activity, or disrupt interactions
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Figure 2. Pharmacological strategies targeting FXI/FXIa. This schematic summarizes the three major pharmacological approaches for
targeting the FXI pathway. (A) Reduced synthesis by ASOs decreases hepatic FXI production by binding FXI mRNA and promoting RNase
H-mediated degradation, thereby lowering circulating FXI levels. (B) Enzymatic inhibition by small molecules directly inhibits FXIa catalytic
activity by binding the FXIa active site and preventing substrate cleavage. (C) Impaired activation or activity by monoclonal antibodies
targets specific FXI/FXIa domains and may block FXI activation, inhibit catalytic activity, prevent cofactor assembly, or interfere with
downstream factor interactions. Although these modalities differ in route of administration, onset and offset, and pharmacokinetic
properties, they all aim to attenuate FXI-dependent thrombin amplification. ASO: Antisense oligonucleotide; FXI: factor XI; FXIa: activated
factor XI; mRNA: messenger RNA.

Table 1. Pharmacological characteristics of major FXI/FXIa inhibitor modalities[27]

ASOs
Monoclonal
antibodies

Small molecules
Natural/experimental
inhibitors

Representative drugs
Fesomersen[28], ISIS-
FXIRx[29]

BAY 1213790[30]

Abelacimab[31,32]

Milvexian[33]

Asundexian[34] Ir-CPI[35]

Mechanism

Reduce hepatic FXI
synthesis through
RNase H-mediated
degradation of FXI
mRNA

Block FXI activation
and/or inhibit FXIa
activity

Directly inhibit the catalytic
active site of FXIa

Inhibit multiple contact-pathway
proteases, including FXIIa, FXIa,
and plasma kallikrein

Administration route SC IV or SC Oral or IV; agent-dependent IV

Frequency Weekly to monthly Monthly
Daily, twice daily, or short-
term IV; agent-dependent

Daily

Onset of action Slow (weeks) Rapid (hours to days) Rapid; agent-dependent Rapid (minutes)

Offset of action Slow (weeks) Slow (weeks)
Rapid to intermediate; agent-
dependent

Rapid (hours)

Renal excretion No No Agent-dependent Uncertain

CYP metabolism No No Agent-dependent No

Drug-drug interactions No No Agent-dependent Unknown

Clinical stage Phase IIb Phase III Preclinical to phase III Preclinical

Key advantages Long-lasting effect
Target-specific
inhibition

Oral bioavailability Natural mechanism

ASO: Antisense oligonucleotide; SC: subcutaneous; IV: intravenous; CYP: cytochrome P450; FXI: factor XI; FXIa: activated factor XI; Ir-CPI: ixodes
ricinus contact pathway inhibitor; PK/PD: pharmacokinetics/pharmacodynamics.
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between FXI/FXIa and other components of the coagulation cascade.

(1) BAY 1213790 (FXIa-targeting antibody): Early clinical evaluation showed dose-dependent aPTT

prolongation and reduced FXI activity, with no apparent effects on bleeding time or clinically relevant anti-

drug antibody formation, supporting further clinical evaluation
[36]

. (2) Abelacimab (dual FXI/FXIa-targeting

antibody): Phase 1 and 2 data demonstrate a terminal half-life of 25-30 days, providing sustained FXI

suppression and aPTT prolongation for over 4 weeks. Its monthly subcutaneous dosing may offer adherence

advantages for chronic anticoagulation
[31,32]

. (3) AB023 (FXI-targeting antibody): AB023 selectively inhibits

FXIIa-mediated FXI activation while preserving thrombin-mediated feedback activation. In a Phase 2 trial of

end-stage kidney disease (ESKD) patients on hemodialysis, AB023 significantly improved circuit patency,

reduced occlusive events, and lowered TAT and CRP levels
[25,26]

. (4) BJTJ-1837 (FXI-targeting antibody): In

preclinical primate models, BJTJ-1837 reduced thrombosis in arteriovenous shunt models without an

apparent increase in bleeding
[37]

. (5) BAY 1831865 (dual FXI/FXIa-targeting antibody): In early-phase

evaluation, BAY 1831865 showed rapid onset after intravenous administration, dose-dependent systemic

exposure, and a half-life of up to 208 h. It reduced FXI clotting activity and was not associated with major

bleeding signals in the available early-phase data
[38]

. (6) SKB336 (dual FXI/FXIa-targeting antibody): An anti-

FXI antibody with a prolonged half-life of up to 33 days. Healthy volunteer data showed dose-proportional

exposure and sustained FXI inhibition, supporting further evaluation of once-monthly dosing. However,

bleeding risk requires confirmation in larger patient studies
[39]

.

Antisense oligonucleotides

ASOs targeting FXI mRNA reduce hepatic FXI synthesis and have been evaluated in early clinical and

selected patient studies. They bind FXI mRNA and promote RNase H-mediated degradation, thereby

reducing FXI protein synthesis.

(1) ISIS-FXIRx: This agent achieves FXI suppression by degrading hepatic FXI mRNA. Clinical data showed

that repeated dosing could produce marked reductions in FXI activity and FXI antigen levels over several

weeks
[29]

. (2) Fesomersen: In patients with kidney failure receiving hemodialysis, fesomersen reduced FXI

levels in a dose-dependent manner. Lower FXI levels were associated with fewer hemodialysis circuit-clotting

events and possibly fewer vascular access thrombotic events
[28]

.

Small-molecule FXIa inhibitors

Small-molecule FXIa inhibitors directly inhibit the active site of FXIa.

(1) Milvexian: An oral FXIa inhibitor with predictable pharmacokinetic/pharmacodynamic profiles and

generally favorable tolerability in early studies. Phase 1/2 studies showed dose-dependent aPTT

prolongation, with no major bleeding signal reported in the studied populations
[33]

. (2) SHR2285: An oral

FXIa inhibitor developed in China. It produced dose-dependent FXIa inhibition and aPTT prolongation in

early-phase studies. The absence of clinically meaningful pharmacokinetic or pharmacodynamic interactions

with aspirin or ticagrelor in early studies supports further evaluation in combination with antiplatelet

therapy
[40-42]

. (3) Asundexian (BAY 2433334): A once-daily oral FXIa inhibitor. Early studies showed

predictable pharmacokinetic/pharmacodynamic profiles and low bleeding rates compared with apixaban in

selected settings, but the interpretation of safety must be balanced against later efficacy concerns. However,

the Phase 3 OCEANIC-atrial fibrillation (AF) trial was terminated early because asundexian was less effective

than apixaban for prevention of stroke or systemic embolism. This finding indicates that reduced bleeding

alone does not guarantee non-inferior efficacy and that dose, degree of FXIa inhibition, patient selection, and

prior anticoagulant exposure require careful consideration
[34,43,44]

. (4) ONO-7684: An oral FXIa inhibitor that

showed dose-dependent pharmacodynamic effects, including reduced FXI clotting activity and aPTT
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prolongation, with a half-life of up to 27.9 h in early-phase evaluation. No major bleeding signal was

reported in the available early data
[45]

. (5) EP-7041: An investigational parenteral FXIa inhibitor being

evaluated for critical care settings such as extracorporeal membrane oxygenation (ECMO), where rapid

titration and offset may be clinically useful
[46]

. (6) Montelukast (MK): Montelukast has been identified

through drug-repurposing approaches as a potential FXIa-inhibitory candidate in preclinical studies. Its

possible antithrombotic and anti-inflammatory effects remain exploratory and should not be extrapolated to

clinical anticoagulation without further validation
[47]

. (7) Frunexian & BMS-962212: Frunexian and

BMS-962212 are examples of agents with pharmacokinetic profiles that may be suitable for settings requiring

rapid onset or offset. Frunexian is a short-acting intravenous agent, whereas BMS-962212 has shown dose-

proportional pharmacokinetics in early studies
[48,49]

.

Natural and experimental inhibitors

Ir-CPI is a Kunitz-type protein derived from the saliva of the tick Ixodes ricinus. Ir-CPI inhibits several

components of the contact pathway, including FXIIa, FXIa, and plasma kallikrein. In preclinical rat and

mouse models, Ir-CPI reduced venous and arterial thrombus formation in a dose-dependent manner
[35]

. Its

clinical relevance remains to be established.

Clinical implications of pharmacological differences

Although FXI/FXIa inhibitors share a common pathway-level rationale, they should not be considered a

homogeneous therapeutic class. Monoclonal antibodies generally provide deep and sustained FXI/FXIa

inhibition and may improve adherence through infrequent dosing, but their long half-lives may complicate

perioperative interruption, urgent reversal, and management of unexpected bleeding. ASOs reduce hepatic

FXI synthesis and therefore have a slower onset and offset, making them more suitable for stable chronic-risk

settings than for acute anticoagulation. In contrast, oral small-molecule FXIa inhibitors provide more flexible

dosing and faster offset, which may be advantageous in perioperative or rapidly changing clinical scenarios,

but they require daily adherence and may be more susceptible to renal function, drug-drug interactions, and

dose-dependent efficacy limitations. Parenteral short-acting agents may be particularly relevant for critical

care or extracorporeal circulation settings, where rapid titration and offset are important. These differences

are clinically important and should be considered when interpreting trial results across indications.

CLINICAL EVIDENCE FOR FXI/FXIA INHIBITORS ACROSS THROMBOTIC CONDITIONS [Table 2]
FXI/FXIa inhibition for stroke prevention in AF

In recent years, FXI/FXIa inhibition has become an active investigational strategy for stroke prevention in

AF
[66]

. The PACIFIC-AF trial (NCT04218266) systematically evaluated asundexian, an oral FXIa inhibitor, in

753 patients with AF. Results showed that asundexian achieved near-complete in vivo FXIa inhibition at

doses of 20 and 50 mg once daily and was associated with lower bleeding rates than standard-dose

apixaban
[51]

. The subsequent Phase III OCEANIC-AF trial (NCT05643573) was terminated early because

asundexian was less effective than apixaban for prevention of stroke or systemic embolism. This result

challenged the assumption that FXIa inhibition can directly replace DOAC therapy for stroke prevention in

unselected AF populations
[34]

. Post-hoc analyses suggested that prior anticoagulant exposure may have

influenced the observed efficacy difference, but these findings should be considered exploratory and require

prospective validation
[67]

.

In contrast, the Phase II AZALEA-TIMI 71 study (NCT04755283) provided an important bleeding-safety

signal for abelacimab, a monoclonal antibody targeting FXI/FXIa. In 1,287 moderate-to-high-risk patients

with AF, monthly subcutaneous abelacimab achieved near-complete FXI suppression and reduced major or

clinically relevant non-major bleeding compared with rivaroxaban
[53]

. Prespecified subgroup analyses
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therapy
[68]

.

Ongoing investigations, including LILAC-TIMI 76 (NCT05712200) and LIBREXIA-AF (NCT05757869),

may help clarify whether specific FXI/FXIa inhibitors can provide an acceptable balance between efficacy and

bleeding in selected AF populations. Collectively, AF trial results indicate that bleeding reduction and

antithrombotic efficacy may diverge. The clinical performance of FXI/FXIa inhibitors appears to depend on

drug modality, dose, degree of pathway inhibition, prior anticoagulant exposure, and patient selection.

Venous thromboembolism (VTE) prophylaxis in orthopedic surgery

Orthopedic procedures, particularly total knee and hip arthroplasty (TKA/THA), provide an established

clinical model for evaluating novel anticoagulants because of their high postoperative VTE risk
[69]

. In a Phase

II TKA study (NCT01713361), the FXI-ASO ISIS 416858/IONIS-FXIRx reduced postoperative VTE

compared with enoxaparin and was associated with less bleeding, supporting the feasibility of FXI reduction

in this setting
[21]

. In the FOXTROT trial, osocimab showed non-inferiority to enoxaparin when administered

postoperatively, whereas preoperative administration of 1.8 mg/kg achieved clinical superiority

(NCT03276143)
[54]

. Similarly, the ANT-005 TKA study (EudraCT2019-003756-37) showed dose-dependent

reductions in postoperative VTE with a single postoperative infusion of abelacimab compared with

enoxaparin, with low bleeding rates in this Phase II setting
[30]

.

Milvexian also showed a dose-response relationship for postoperative VTE reduction in the AXIOMATIC-

TKR trial (NCT03891524)
[56]

. More recently, the ROXI-VTE (NCT05618808; NCT06454630) program

further suggested that epitope and domain selection may matter: REGN7508, which targets the catalytic

domain, performed better than enoxaparin for the trial-defined endpoint, whereas REGN9933, which binds

the Apple 2 domain, did not demonstrate superiority
[70]

.

Ongoing studies, including KN060, may provide additional information on alternative antibody-based

approaches (NCT06180889). Collectively, orthopedic surgery provides some of the most supportive Phase II

evidence for FXI/FXIa inhibition, suggesting effective postoperative VTE reduction with low bleeding rates

in selected trials. However, these findings still require confirmation in larger outcome studies and should not

be extrapolated uncritically to all surgical populations.

Anticoagulation in cancer-associated thrombosis (CAT)

CAT is clinically challenging because patients with cancer often have both increased thrombotic risk and

increased bleeding risk
[71-74]

. Although low-molecular-weight heparins (LMWHs) and DOACs remain

standard options, their use may be complicated by bleeding, particularly in patients with gastrointestinal or

genitourinary malignancies. This unmet need has made FXI/FXIa inhibitors an attractive investigational

strategy in CAT. Two Phase III trials, MAGNOLIA (NCT05171075) and ASTER (NCT05171049), are

evaluating whether abelacimab can improve the safety profile of anticoagulation in cancer patients at

increased bleeding risk.

Central venous catheter-associated thrombosis is another important complication in patients with cancer. In

a Phase II trial, gruticibart was associated with a lower incidence of catheter-related thrombosis than placebo,

without an apparent increase in bleeding in the studied population
[57]

 .

These findings suggest that FXI/FXIa inhibition may address an important unmet need in selected CAT

populations. If ongoing Phase III trials confirm favorable efficacy and safety, FXI/FXIa inhibitors may

become a useful option for selected cancer patients at high bleeding risk.

suggested that the bleeding reduction was generally consistent in patients receiving concomitant antiplatelet
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Table 2. Clinical development of FXI/FXIa inhibitors in major thrombotic conditions

Drug
Potency
(Kd/Ki/IC50, if
available)

Type Trial ID Key findings

Stroke prevention in atrial fibrillation

Asundexian

IC50 = 1.0 nM (FXIa, buffer);
IC50 = 0.14 μM (human
plasma after contact
activation)[50]

Oral FXIa inhibitor
NCT04218266
(PACIFIC-AF, Phase II)

Near-complete in vivo FXIa inhibition
and lower bleeding than apixaban in a
Phase II dose-finding trial; not powered
for definitive stroke-prevention
efficacy[51]

Asundexian Same as above Oral FXIa inhibitor
NCT05643573
(OCEANIC-AF, Phase III)

Trial terminated early because
asundexian was less effective than
apixaban for prevention of stroke or
systemic embolism[34,52]

Abelacimab
Kd = 1.3 ± 0.3 pM (FXI); 4.7
± 2.1 pM (FXIa)[31,32]

FXI/FXIa monoclonal
antibody

NCT04755283
(AZALEA-TIMI 71, Phase
II)

Reduced major or clinically relevant
non-major bleeding versus rivaroxaban;
efficacy for stroke/systemic embolism
prevention remains to be established[53]

Abelacimab Same as above
FXI/FXIa monoclonal
antibody

NCT04213807
(ANT-004, Phase II)

Dose-dependent and sustained
FXI/FXIa inhibition in early-phase
evaluation; clinical outcome efficacy
remains unproven[32]

Postoperative thrombosis

Abelacimab Same as above
FXI/FXIa monoclonal
antibody

EudraCT 2019-003756-37
(ANT-005 TKA, Phase II)

Dose-dependent reduction in
postoperative VTE compared with
enoxaparin, with low bleeding rates in
this Phase II setting[30]

Osocimab IC50 = 16 ± 0.02 nM[27] FXIa monoclonal
antibody

NCT03276143
(FOXTROT, Phase II)

Met noninferiority or superiority criteria
for trial-defined VTE endpoints
depending on dose and timing; bleeding
outcomes require cautious
interpretation[54]

IONIS-FXIRx
pharmacodynamic effect
reflected by FXI
antigen/activity reduction

Antisense
oligonucleotide

NCT01713361
(Phase II)

Comparable VTE prevention to
enoxaparin; reduced bleeding; marked
FXI reduction[21]

Milvexian Ki = 0.11 nM[55] Oral FXIa inhibitor
NCT03891524
(AXIOMATIC-TKR, Phase
II)

Dose-response observed for
postoperative VTE reduction; no major
bleeding signal in the studied
population[56]

KN060
Potency data not clearly
available from current public
sources

FXIa monoclonal
antibody

NCT06180889
(Phase II)

Ongoing

Cancer-associated thrombosis

Gruticibart
(CSL777)

Potency data not clearly
available from current public
sources

FXIa monoclonal
antibody

NCT04465760 (Phase II)
Reduced catheter-related thrombosis
(12.5% vs. 40%)[57]

Abelacimab Same as above
FXI/FXIa monoclonal
antibody

NCT05171075
(MAGNOLIA, Phase III)

Ongoing

Abelacimab Same as above
FXI/FXIa monoclonal
antibody

NCT05171049
(ASTER, Phase III)

Ongoing

End-stage kidney disease/hemodialysis

Osocimab Same as above
FXIa monoclonal
antibody

NCT04523220
(Phase II)

Bleeding rates comparable to placebo in
a Phase II setting; larger studies are
needed to confirm clinical safety[58]

IONIS-FXIRx
Pharmacodynamic effect
reflected by FXI
antigen/activity reduction

Antisense
oligonucleotide

NCT02553889
(Phase II)

Stable PK exposure; no accumulation[59]

IONIS-FXIRx
Pharmacodynamic effect
reflected by FXI
antigen/activity reduction

Antisense
oligonucleotide

NCT03358030
(EMERALD, Phase II)

Evaluating safety and repeated dosing
(ongoing)
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Fesomersen
Pharmacodynamic effect
reflected by FXI
antigen/activity reduction

Antisense
oligonucleotide

NCT04534114
(Phase II)

Dose-dependent FXI reduction;
potential reduction in dialysis circuit-
clotting events without an apparent
increase in major bleeding in selected
patients[28]

AB023
Kd = 3.66 nM (FXI); 1.38 nM
(FXIa)[26]

Anti-FXI monoclonal
antibody

NCT03612856
(Phase II)

Reduced circuit clotting[25]

Asundexian Same as above Oral FXIa inhibitor
NCT04510987
(Phase I)

Predictable pharmacokinetics across
renal impairment groups; exposure
largely unaffected by dialysis in
available data[60]

Milvexian Same as above Oral FXIa inhibitor
NCT03000673
(Phase I/II)

Safety evaluation in ESRD patients
(ongoing)

ACS secondary prevention

Asundexian Same as above Oral FXIa inhibitor
NCT04304534
(PACIFIC-AMI, Phase II)

Near-complete FXIa inhibition added to
DAPT; acceptable safety[61]

Milvexian Same as above Oral FXIa inhibitor
NCT05754957
(LIBREXIA-ACS, Phase III)

Trial terminated early; unlikely to meet
primary endpoint[62]

Secondary prevention after stroke/TIA

Asundexian Same as above Oral FXIa inhibitor
NCT04304508
(PACIFIC-Stroke, Phase II)

Did not meet primary endpoint[63]

Milvexian Same as above Oral FXIa inhibitor
NCT03766581
(AXIOMATIC-SSP, Phase
II)

No significant reduction in recurrence;
low bleeding[64]

Asundexian Same as above Oral FXIa inhibitor
NCT05686070
(OCEANIC-Stroke, Phase
III)

Ongoing

Milvexian Same as above Oral FXIa inhibitor
NCT05702034
(LIBREXIA-STROKE, Phase
III)

Evaluating addition to antiplatelet
therapy

COVID-19/ECMO/LVAD

EP-7041
Potency data not clearly
available from current public
sources

Intravenous FXIa
inhibitor

NCT05040776
(Phase II)

Designed for ICU use; trial withdrawn[46]

Osocimab Same as above
FXIa monoclonal
antibody

Preclinical
Reduced thrombus burden in
ECMO/LVAD models[65]

Published clinical trial results are cited where available. Registry-only or ongoing trials are identified by their ClinicalTrials.gov or EudraCT numbers.
Ongoing trials should not be interpreted as evidence of clinical efficacy. Safety and efficacy findings should be interpreted according to trial phase,
comparator, endpoint definition, sample size, and whether the study was powered for clinical outcomes. AF: Atrial fibrillation; ACS: acute coronary
syndrome; APTT: activated partial thromboplastin time; ASO: antisense oligonucleotide; CAT: cancer-associated thrombosis; CRP: C-reactive
protein; DAPT: dual antiplatelet therapy (aspirin + P2Y12 inhibitor); DOACs: direct oral anticoagulants; ESRD: end-stage renal disease; FXI: factor
XI; FXIa: factor XIa; FXI-ASO: factor XI antisense oligonucleotide; GI: gastrointestinal; GU: genitourinary; HR: hazard ratio; ICU: intensive care unit;
IV: intravenous; LMWH: low-molecular-weight heparin; mAb: monoclonal antibody; PE: pulmonary embolism; PK: pharmacokinetics; QD: once
daily; RR: relative risk; SC: subcutaneous; TAT: thrombin-antithrombin complex; TKA: total knee arthroplasty; THR: total hip arthroplasty; VTE:
venous thromboembolism; ECMO: extracorporeal membrane oxygenation; LVAD: left ventricular assist device.

Anticoagulation in ESKD and hemodialysis

Patients with ESKD undergoing maintenance hemodialysis face both extracorporeal circuit thrombosis and

increased bleeding risk. This clinical context makes anticoagulation difficult and often requires

individualized risk assessment
[75]

.

AB023 (Xisomab 3G3) provided early clinical evidence supporting FXI-pathway inhibition in hemodialysis.

In a Phase II trial (NCT03612856), a single pre-dialysis bolus enhanced circuit patency and achieved a 42%

reduction in TAT complexes without any drug-related bleeding events
[25]

. Similarly, fesomersen, an ASO that

reduces hepatic FXI synthesis, also produced dose-dependent FXI reduction in dialysis patients

(NCT04534114)
[ 2 8 ]

. A Phase II randomized, double-blind, placebo-controlled study of IONIS-

FXIRx/fesomersen showed consistent pharmacokinetic exposure in relation to dialysis timing and no
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apparent accumulation after repeated dosing (NCT02553889)
[59]

. A Phase IIb evaluation of osocimab

reported bleeding rates comparable to placebo and acceptable tolerability, but larger studies are needed to

confirm clinical safety (NCT04523220)
[ 5 8 ]

. Among oral agents, asundexian showed a predictable

pharmacokinetic profile across different degrees of renal impairment, with exposure largely unaffected by

dialysis (NCT04510987; EudraCT 2020-000626-25/022-000196-38)
[60]

.

However, the evidence remains mixed. A Phase II trial of the monoclonal antibody MK-2060 achieved

substantial FXI inhibition but did not significantly improve arteriovenous graft patency and was associated

with increased access-related bleeding (NCT05027074)
[76]

.

Ongoing investigations, including the EMERALD study (NCT03358030) evaluating ISIS 416858 and a Phase

I/II trial of milvexian (NCT03000673), may provide additional information on dosing, pharmacokinetics,

and safety in this high-risk population. Overall, hemodialysis is a biologically plausible setting for FXI/FXIa

inhibition because of contact activation within extracorporeal circuits. However, mixed clinical results

indicate that efficacy and bleeding risk may differ by molecule, endpoint, and patient population.

Secondary prevention in acute coronary syndrome (ACS)

Patients with ACS continue to harbor a significant residual thrombotic risk despite standard-of-care dual

antiplatelet therapy (DAPT)
[77]

. Because conventional anticoagulation added to DAPT increases bleeding

risk, FXIa inhibitors have been explored as a potential adjunctive strategy. The PACIFIC-AMI trial

(NCT04304534) evaluated the addition of asundexian (10 mg, 20 mg, or 50 mg daily) to DAPT in patients

following acute myocardial infarction. The study showed dose-dependent pharmacodynamic inhibition of

FXIa, with the 50 mg dose achieving more than 90% inhibition. All three doses achieved pharmacodynamic

inhibition without an apparent increase in bleeding compared with placebo
[61]

. However, the favorable

bleeding signal did not translate into a reduction in ischemic events, suggesting that efficacy in ACS may

depend not only on the degree of FXIa inhibition but also on the platelet-driven and high-shear nature of

arterial thrombosis. This uncertainty was further reinforced by the early termination of LIBREXIA-ACS for

futility. The trial evaluated whether milvexian added to standard antiplatelet therapy could reduce major

adverse cardiovascular events (MACE) (NCT05754957)
[52]

. An independent interim analysis concluded that

the trial was unlikely to meet its primary efficacy endpoint, leading to its early cessation.

Overall, PACIFIC-AMI suggests that FXIa inhibition can be added to DAPT with acceptable bleeding in a

Phase II setting, but it did not demonstrate clinical efficacy. Together with the futility termination of

LIBREXIA-ACS, these findings raise the possibility that FXI/FXIa inhibition may be less effective in platelet-

rich, high-shear arterial thrombosis than in venous or contact pathway-mediated thrombosis.

Secondary prevention in non-cardioembolic ischemic stroke (NCEIS)

Non-cardioembolic ischemic stroke and TIA are associated with substantial risks of recurrence and long-

term disability. Antithrombotic therapy is central to secondary prevention, but recurrent ischemic risk must

be balanced against intracranial bleeding risk, particularly in older or high-risk patients
[78]

.

The PACIFIC-Stroke trial (NCT04304508) evaluated the oral FXIa inhibitor asundexian in patients with

NCEIS already receiving background antiplatelet therapy. At 26 weeks, asundexian did not significantly

reduce the composite primary endpoint across all dose cohorts compared with placebo
[63]

. Similarly, the

AXIOMATIC-SSP trial (NCT03766581) for milvexian did not establish a clear dose-response relationship for

its primary endpoint; however, a directional trend toward reduced recurrence was observed in specific dose

groups without a significant increase in major bleeding
[64]

. These Phase II findings suggest low bleeding rates

but uncertain efficacy. Future studies need to determine whether patient selection, dose intensity, or the
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biological contribution of FXI/FXIa to cerebrovascular thrombosis explains these mixed results. Several

Phase III trials are ongoing to further evaluate this question. The OCEANIC-STROKE trial (NCT05686070)

is evaluating whether asundexian added to antiplatelet therapy can reduce recurrent stroke. In parallel, the

LIBREXIA-STROKE trial (NCT05702034) is evaluating milvexian added to antiplatelet therapy for

secondary stroke prevention. The results of these ongoing trials may help clarify whether FXIa inhibition has

a role in secondary prevention after NCEIS or TIA.

Emerging frontiers: COVID-19, mechanical support, and critical care

FXI/FXIa inhibition has also been investigated in high-acuity settings, although evidence remains very

limited. EP-7041/frunexian is a short-acting parenteral FXIa inhibitor developed for settings requiring rapid

titration. However, the Phase II trial (NCT05040776) in critically ill COVID-19 patients was withdrawn, and

no clinical efficacy data are available from this program
[46]

.

In mechanical circulatory support (MCS) settings such as ECMO and left ventricular assist device (LVAD),

FXI/FXIa inhibition is biologically plausible because contact activation and artificial surfaces contribute to

thrombosis. Preclinical baboon models suggest that FXI targeting can reduce fibrin deposition and circuit

thrombosis
[65]

. Nevertheless, translating these findings to the ICU remains challenging, as device-related

thrombosis is a multifactorial process involving high shear stress, platelet activation, and complement

responses beyond the contact pathway. Carefully designed early-phase trials are needed to define feasibility,

dosing, safety, and efficacy signals in these complex high-risk settings.

Lessons learned from failed or neutral trials

Recent failed or neutral trials highlight that FXI/FXIa inhibition should not be considered a homogeneous

substitute for established anticoagulants. First, a reduction in bleeding does not necessarily translate into

non-inferior antithrombotic efficacy. This is particularly evident in AF, where OCEANIC-AF was

terminated early because asundexian was less effective than apixaban for prevention of stroke or systemic

embolism. Second, the role of FXI/FXIa may differ across thrombotic mechanisms. In venous thrombosis or

extracorporeal circuit-related thrombosis, contact activation and thrombin amplification may be more

relevant, whereas ACS and non-cardioembolic stroke are more platelet-driven and occur under high-shear

arterial conditions. Third, drug-specific factors, including molecular modality, dose, degree of FXIa

inhibition, onset and offset, renal clearance, and prior anticoagulant exposure, may strongly influence trial

outcomes. Finally, patient selection remains unresolved. In addition to exploratory biomarkers, clinical high-

bleeding-risk frameworks may help guide future trial design and patient stratification, particularly in

populations in whom the intensity or duration of antithrombotic therapy must be balanced against bleeding

complications. Recent reviews of antithrombotic therapy in high-bleeding-risk patients undergoing cardiac

and noncardiac percutaneous interventions further emphasize the importance of individualized bleeding-

risk assessment and treatment modulation
[79,80]

. Potential biomarkers such as FXI activity, FXI antigen levels,

thrombin generation assays, contact activation markers, FXIa-antithrombin complexes, D-dimer, and NET-

related markers may help identify responsive subgroups, but these remain exploratory and are not yet

established for routine clinical decision-making.

CONCLUSION AND FUTURE PERSPECTIVES
FXI/FXIa inhibition is a biologically compelling and clinically promising investigational strategy, but current

evidence does not support a uniform conclusion of preserved efficacy with reduced bleeding across all

indications. The most supportive signals have emerged in postoperative VTE prophylaxis and selected

extracorporeal or high-bleeding-risk settings, whereas results in AF, ACS, and secondary stroke prevention

have been mixed or inconclusive
[ 8 1 ]

. Although several early-phase trials have shown favorable

pharmacodynamic or bleeding signals, adequately powered outcome trials are needed to define efficacy,
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safety, and cost-effectiveness in specific patient populations. Future research should focus on patient

selection, including clinical risk profiles and exploratory biomarkers such as FXI activity, contact activation

markers, thrombin generation assays, and NET-related signatures. Dose selection, perioperative

management, reversal strategies, renal dysfunction, adherence, and combination with antiplatelet or

anticoagulant therapy also require systematic evaluation. If ongoing and future trials identify indications in

which efficacy is preserved while bleeding is reduced, FXI/FXIa inhibitors may become useful additions to

the antithrombotic armamentarium for selected patients.
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